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Treatment Goals

Seizure freedom 

No adverse side effects 

Monotherapy 

Easy regimen to follow

Wyllie E. The Treatment of  Epilepsy:  
Principles and Practice. 6th ed. Philadelphia, Pa: Lippincott Williams & Wilkins; 2015.  
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Decision to treat —> Accurate Diagnosis ! 

Febrile seizure ? 

Think Epilepsy Syndrome  

Contraindication/safety profile 

Etiology: presumptive metabolic disease, genetic  

Specific seizure type

Special Consideration in Children



Pediatric data 

70% of  recurrences were within 6 months of  the first seizure, 

77% by 1 year, and 90% by 2 years  

Recurrent rates were higher in children with abnormal 

neurological examination, focal spikes on EEG, and complex 

partial seizures 

Recommendation: No treatment until second seizure; > 50% 

will never have another seizure again

First unprovoked seizure

Camfield PR, Neurology 1985;35:1657-1660. 



Some drugs have superior efficacy and others drugs worsen 

seizure control 

If  you know the epilepsy syndrome you can  

Predict long-term prognosis of  childhood onset epilepsy 

Pharmacoresponsive 

Remits or require life-long therapy

Think epilepsy syndrome                    

Not just seizure type !
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SUMMARY

The purpose of this report was to update the 2006 Inter-
national League Against Epilepsy (ILAE) report and
identify the level of evidence for long-term efficacy or
effectiveness for antiepileptic drugs (AEDs) as initial
monotherapy for patients with newly diagnosed or
untreated epilepsy. All applicable articles from July 2005
until March 2012 were identified, evaluated, and com-
bined with the previous analysis (Glauser et al., 2006) to
provide a comprehensive update. The prior analysis
methodology was utilized with three modifications: (1)
the detectable noninferiority boundary approach was
dropped and both failed superiority studies and prespec-
ified noninferiority studies were analyzed using a nonin-
feriority approach, (2) the definition of an adequate
comparator was clarified and now includes an absolute
minimum point estimate for efficacy/effectiveness, and
(3) the relationship table between clinical trial ratings,
level of evidence, and conclusions no longer includes a
recommendation column to reinforce that this review
of efficacy/evidence for specific seizure types does not
imply treatment recommendations. This evidence
review contains one clarification: The commission has
determined that class I superiority studies can be
designed to detect up to a 20% absolute (rather than rel-
ative) difference in the point estimate of efficacy/effec-
tiveness between study treatment and comparator

using an intent-to-treat analysis. Since July, 2005, three
class I randomized controlled trials (RCT) and 11 class
III RCTs have been published. The combined analysis
(1940–2012) now includes a total of 64 RCTs (7 with
class I evidence, 2 with class II evidence) and 11 meta-
analyses. New efficacy/effectiveness findings include the
following: levetiracetam and zonisamide have level A
evidence in adults with partial onset seizures and both
ethosuximide and valproic acid have level A evidence in
children with childhood absence epilepsy. There are no
major changes in the level of evidence for any other
subgroup. Levetiracetam and zonisamide join carbamaz-
epine and phenytoin with level A efficacy/effectiveness
evidence as initial monotherapy for adults with partial
onset seizures. Although ethosuximide and valproic acid
now have level A efficacy/effectiveness evidence as initial
monotherapy for children with absence seizures, there
continues to be an alarming lack of well designed,
properly conducted epilepsy RCTs for patients with
generalized seizures/epilepsies and in children in gen-
eral. These findings reinforce the need for multicenter,
multinational efforts to design, conduct, and analyze
future clinically relevant adequately designed RCTs.
When selecting a patient’s AED, all relevant vari-
ables and not just efficacy and effectiveness should be
considered.
KEY WORDS: Antiepileptic drug, Efficacy, Effectiveness,
Monotherapy.
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Efficacy Profile

Seizure Type Class I 
studies

Class 
II 

studies

Class 
III 

studies

Level of  efficacy 
for initial  monotherapy

Adults with        
partial-onset 

seizure
4 1 34

Level A: CBZ, LEV, PHT, ZNS 
Level B: VPA 
Level C: GBP, LTG, OXC, PB,          
               TPM, VGB 
Level D: CZP, PRM

Children with 
partial-onset 

seizures
1 0 19

Level A: OXC 
Level B: None 
Level C: CBZ, PB, PHT, TPM,  
               VPA, VGB 
Level D: CLB, CZP, LTG, ZNS 

Glauser T et al. Update ILAE evidence. Epilepsia 2013.54;3 :551–563. 



Efficacy Profile

Seizure Type Class I 
studies

Class II 
studies

Class III 
studies

Level of  efficacy 
for initial  monotherapy

Adults with 
generalized onset 

tonic–clonic seizures  0 0 27

Level A: None 
Level B: None 
Level C: CBZ, LTG, OXC, PB,   
              PHT, TPM, VPA 
Level D: GBP. LEV, VGB

Children with 
generalized onset 

tonic–clonic seizures 
0 0 14

Level A: None 
Level B: None 
Level C: CBZ, PB, PHT, TPM,   
               VPA 
Level D: OXC 

Glauser T et al. Update ILAE evidence. Epilepsia 2013.54;3 :551–563. 



Level A: Ethosuximide, valproate 

Level C: Lamotrigine (1 Class I, 7 Class III studies) 

Others: clobazam, clonazepam, leveliracetam, 

topiramate, zonisamide, gabapentin 

Consider: Teenage girl, side effect

Children with Absence Seizure

Glauser T et al. Update ILAE evidence. Epilepsia 2013.54;3 :551–563. 



Level C: carbamazepine, valproate 

Level D: Gabapentin, levetiracetam, oxcarbamazepine, STM (3 

Class III studies) 

Most of  them may not need AEDs (infrequent, nocturnal 

seizures, onset close to the age of  remission)  

Carbamazepine may aggravate new type of  seizure/continuous 

spike-waves during slow wave sleep

Benign Epilepsy with Centrotemporal spikes 
(BECTs)

Glauser T et al. Update ILAE evidence. Epilepsia 2013.54;3 :551–563. 



Level D: Topiramate, valproate (1 Class III studies) 

Others: levetiracetam, zonisamide, lamotrigine, 

clobazam, clonazepam

Juvenile Myoclonic Epilepsy (JME)

Glauser T et al. Update ILAE evidence. Epilepsia 2013.54;3 :551–563. 



Some drugs worsen seizure control 

Carbamazepine: absence seizure 

Phenytoin may worsen myoclonic seizure

Efficacy



Mechanism Of  Action



Severe myoclonic epilepsy of  infancy 

Normal infant 

Seizure one less than 1 year old 

Febrile status epilepticus: GTCs, hemiclonic 

Later afebrile seizure; myoclonic, tonic, atypical absence  

Developmental regression/plateu

Dravet syndrome

Epileptic syndrome 5th edition. Chapter 11. 125-156. 



80% due to SCN1A mutation; sodium channel called NaV1.1 

EEG: First year normal, 2-5 years: generalized spikes/

polyspike, multifocal  

Drug of  choices: valproate, topiramate, clobazam 

Avoid: Sodium channel blocker ***** phenytoin, 

carbamazepine, lamotrigine, vigibatrin

Dravet syndrome

Epileptic syndrome/Glauser T et al. Update ILAE evidence. Epilepsia 2013.54;3 :551–563. 



Adverse Effects

All antiepileptic drugs; drowsiness, dizziness, and rash; 

drugs act on the GABA system tend to be more sedating 

Cognitive disturbance: phenobarbital, topiramate, 

carbamazepine 

Phenytoin-induced gingival hyperplasia increased in 

children and poorer oral hygiene

Casetta I. Neuroepidemiology 1997;16;296-303.  



Serious Adverse Effects

Valproate-induced fatal hepatotoxicity 

Young age 

Age 21-40 years  1:31000 

Age < 2 years 1:600 **** 

Polytherapy

Bryant and Fritz. Neurology 1996;46;465-469.  



Pharmacokinetic Fun Facts

Absorption 

 Phenytoin: Age-dependent: Less than 3 months old 

poor absorption/unpredictable and may not reliable 

until 5 years old 

Distribution 

Phenytoin: Vd declined with age

Matsukura M,  Dev Phamaco There 1984;7;160-8.  



Pharmacokinetic Fun Facts

Swainman’s Pediatr Neurol edition 5th . Chapter 59:811-835  

pharmacokinetic information for phenytoin and not fospheny-
toin is what is clinically relevent. Fosphenytoin is water-soluble
and is formulated as a nontoxic, parenteral solution. The phar-
macokinetics of phenytoin derived from fosphenytoin are
identical to phenytoin given directly [Leppik et al., 1989].
Fosphenytoin is packaged as milligram phenytoin equivalents
and is well tolerated when given intramuscularly.

Fosphenytoin absorption, not its conversion to phenytoin,
appears to be the rate-limiting step in achieving therapeutic
phenytoin levels. The mean half-life of fosphenytoin is
8 minutes after IV administration [Donn et al., 1987; Gerber
et al., 1988; Leppik et al., 1989] and 33 minutes after intramus-
cular injection [Leppik et al., 1990]. Age does not affect the
phosphatase enzyme responsible for the conversion of fosphe-
nytoin to phenytoin. Fosphenytoin is more avidly bound to
albumin, compared with phenytoin, resulting in brief increases
of free phenytoin concentrations after infusion [Hussey et al.,
1990; Jamerson et al., 1990]. The observed decrease in total
phenytoin concentrations returns to those expected when the
conversion from fosphenytoin to phenytoin is completed;
therefore, monitoring of plasma concentrations should be
done about 1 hour after IV administration of fosphenytoin.
Unlike phenytoin, fosphenytoin can be given intramuscularly
and avoids serious tissue necrosis from extravasation of IV phe-
nytoin. Its major uses are treatment of status epilepticus and
maintenance therapy when oral administration is not possible.

Lacosamide
Lacosamide (known as harkoside in earlier studies) was
approved for use in the United States during 2009. It is
completely and rapidly absorbed with a bioavailability of
100 percent [Hovinga, 2003]. Lacosamide appears to follow
linear pharmacokinetics and its Cmax is between 1 and 4 hours
after an oral dose [Hovinga, 2003]. There does not seem to be a
food effect on lacosamide pharmacokinetics [Kellinghaus,
2009]. Protein binding has been shown to be less than 15 per-
cent. Lacosamide is metabolized to an inactive desmethyl me-
tabolite, which is then cleared along with the parent drug via
the kidney. Lacosamide is not approved for use in young chil-
dren at this time; however, there is at least one clinical trial that
is investigating the safety and pharmacokinetics in children
with partial seizures between the ages of 2 and 17 years. Doses
being studied are 8–12 mg/kg/day.

Lamotrigine
Lamotrigine has a bioavailability approaching 100 percent. Its
Tmax occurs 2–3 hours after administration of a single oral dose.
With doses in the range of 15–240 mg, Tmax and area under the
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Fig. 59-4 Phenytoin dosing requirements in children. Curves were
derived from data of maximum capacity of the enzyme system to
metabolize phenytoin (Vmax) and the plasma concentration at which the
rate of metabolism is 50 percent of maximum capacity for children (Km)
(see Table 59-2 ).
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Fig. 59-5 Schematicof steady-stateplasmaconcentrationsof
antiepileptic drugs when a particular antiepileptic drug is
given alone or in combination with other medications. (We
wish to thank Nina Graves, Pharm.D., for her contribution to this
figure.)
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Age Maintenance   
(mg/kg/day)

Neonate 4-6

0.25-3 years 6-10

4-6 years 5-7

7-9 years 4-7

> 10 years 4-6



Pharmacokinetic Fun Facts

Elimination 

Renal elimination of  drugs and metabolite lower than adult until 6 

months old 

Metabolism/drug clearance faster than adult; required more frequent 

dosage  

Phenytoin : half  life 5-14 hours in children ; require two divided 

dose 

Carbamazepine : : half  life 5-27 hours in children require three 

divided dose
Bryant and Fritz. Neurology 1996;46;465-469. 

Fenichel’s Clin Pediatric Neurology 2013;  36-42.  



Drug Disposition at Difference Age

Neonate Infants, 
Children Adolescent

Absorption

Plasma protein 
binding

Metabolism

Excretion A A

A

A

A

A = Adult level

Swainman’s Pediatr Neurol edition 5th . Chapter 59 :811-835  



Ease of  Use

IV VS oral: PHT, PB, VPA, LEV, LCM 

Quick-up titration: phenytoin, phenobarbital, valproate, 

levetiracetam, zonisamide, lacosamide     

Not: CBZ, lamotrigine 

Tablet/solution/sprinkles



Tablet

Crush oral solids form/disguise the taste with a small 

volume of  flavoured drink or food 

Be aware some drugs lose their properties 

Extemporaneous preparation (small dose) 

Are you sure about stability, amount of  the drug and 

bioavailability?



Don’t forget

Caregivers should be thoroughly educated 

Drug administration technique 

Who/how/how many times 

Adverse effect/drug allergy


